Arabidopsis thaliana has been an important genetic resource for investigating the 42 molecular basis of genes that specify natural variation in disease resistance to bacterial, 43 fungal, viral and oomycete pathogens of plants (Eulgem 2005 , Ryan et al., 2007 , Holub 44 et al., 2001 , 2008 . As in most plant species, a majority of these so-called R-genes in A. Albugo candida races 2, 4 and 7 in a conducive laboratory environment (Borhan et al., 104 2008; Holub, unpublished) . In contrast, A. thaliana is universally a non-host of Albugo 105 candida race 9. It is important to note here that a molecular taxonomic distinction has 106 been made between Albugo candida and a species now called Albugo laibachii that 107 commonly causes white rust in A. thaliana under natural field conditions (Holub et al., 108 1995; Rehmany et al., 2000; Voglmayr and Riethmüller, 2006; Thines et al., 2009) . We 109 have previously referred to this common parasite of wild A. thaliana as Albugo candida 110 subsp. arabidopsis (Borhan et al., 2008) . 111
WRR4 was identified as a gene in A. thaliana Columbia (Col) which confers full 112 immunity to Albugo candida races 2, 4 and 7 when stably transformed into the accession 113 Wassilewskija (Ws); this accession is susceptible in the laboratory to all three races 114 (Borhan et al., 2008) . WRR4 also improved the partial resistance of Ws to race 9, 115 conferring full immunity in transgenic lines. RNAi suppression of the defense regulator 116 protein EDS1 conferred full susceptibility to race 2, indicating that WRR4 is fully 117 dependent on expression of this lipase-like protein (Borhan et al., 2008; Parker et al., 118 1996) . However, the same eds1-suppression lines exhibited enhanced colonization to 119 varying degrees by races 4, 7 and 9 but still exhibited residual resistance that restricted 120 the formation of rust pustules (least restricted with race 7, most restricted with race 9). 121
This indicates that Col contains additional WRR genes which are EDS1-independent. 122
The purpose of the research described below was to determine whether WRR4 123 from A. thaliana can confer white rust resistance in a brassica species. We began 124 transgenic experiments using RNAi-mediated suppression of EDS1 in a white rust 125
We searched a B. napus EST database containing nearly 150,000 ESTs (generated 134 at SRC, AAFC) for sequences that shared homology with A. thaliana EDS1 (referred to 135 hence as At.EDS1). Eight B.napus ESTs were identified, and sequence assembly resulted 136 in a single full length ORF of 1800 bp that encodes a lipase-like protein (referred to 137 hence as Bn.EDS1). The DNA sequence of At.EDS1 and Bn.EDS1 share 71% identity 138 when aligned, whereas the protein sequences share 61% identity (Figures 1& 2) . 139
Given the close homology between these two genes, we used the At.EDS1-RNAi 140 construct described by Borhan et al., (2008) to suppress EDS1 in a white rust resistant, 141 doubled haploid breeding line of B. napus (DH12075). Three independent RNAi 142 transformed lines were identified using the herbicide selection marker phosphinotricin 143 and confirmed by PCR. Seven-day-old seedlings of each T 1 line were inoculated with 144
Albugo candida isolate Ac7a, and each family segregated in approximately a 3 to 1 ratio 145 of resistant (no pustules) and susceptible phenotypes (large, profuse pustules), 146 respectively (Table 1; Figure 3 ). We then tested T2 lines of susceptible T1 generation 147 from each independent transformant. These lines were uniformly susceptible to Albugo 148 candida isolate Ac2v (Table 1 Two decades of A. thaliana molecular biology has been central in shaping our current 177 understanding of innate defense in plants and has also had an impact on understanding 178 infectious disease in animals (Chisholm et al., 2006; Dangl and Jones, 2001; Holub, 179 2007; Jones et al., 2008) . Early contributions to crop improvement came from a 180 precedent that a virulent bacterial pathogen could be genetically modified to deliver an 181 avirulence effector from a crop pathogen and then used as a physiological probe to 182 identify the matching receptor-like R-gene from a non-host of the crop pathogen 183 (Gassmann et al., 1999; Holub, 2001; Warren et al., 1998 (Bernier, 1972; Li et al., 2007; Li et al., 1996; Petrie, 1973) . B. juncea 201 has better drought tolerance and more durable stem canker resistance (Leptosphaeria 202 maculans) than B. napus oilseed rape (Marcroft et al., 2002) , and canola-quality B. 203 juncea varieties have therefore been developed to extend oilseed production in low-204 rainfall areas of Australia and Canada (Li et al., 2007) . Unfortunately, white rust looms 205 as a major threat to production in these areas. 206
The durability of a single broad spectrum R-gene for disease control in crops is 207 not guaranteed but will instead depend on how readily the pathogen can evolve variants 208 to overcome the host resistance (Leach et al., 2001) . Pathogen effector molecules have 209 been identified that correspond as the avirulence effector detected by broad spectrum R-210 proteins including Bs2 from pepper, and Rb from potato (Kearney and Staskawicz, 1990; 211 Vleeshouwers et al., 2008) . The corresponding avirulence effectors in these examples 212 occur species-wide in each respective pathogen and appear to be significantly constrained 213 from evolving due to a high penalty of mutation. Thus, slow or non-evolving effectors is 214 a plausible expectation that warrants investigation in pathogens from the other examples 215 P r o o f 9 pathogens has been observed for broad spectrum resistance genes that do not encode NB-226 LRR proteins (Jarosch et al., 2003; Wang et al., 2007) . 227
Genetic improvement of multiple agronomic traits (e.g., drought tolerance, 228 nutrient-use efficiency, yield performance and disease resistance) in crops that have large 229
and complex genomes will continue to benefit from under-pinning investment in model 230 plants (Bevan and Waugh, 2007) . A. thaliana is in particular an excellent tool for crop 231 scientists working with brassica crops considering the significant synteny between the 232 two genomes (Schranz et al., 2007) . The results from transgenic suppression of EDS1 233 and gain-of-function in resistance to Albugo candida with WRR4 indicate that brassica 234 species contain the genes essential for the direct use of NB-LRR encoding other R-genes 235 from A. thaliana in brassica crops such as the broad spectrum stem canker resistance 236 genes RLM1 and RLM3 (Staal et al., 2006 (Staal et al., , 2008 . The advantage in both the white rust 237 and stem canker examples is that economically devastating crop pathogens were 238 strategically used from inception in the molecular genetics research of A. thaliana. 239
240

MATERIALS AND METHODS 241 242 Pathogen handling and inoculation 243
Albugo candida races were propagated on the appropriate susceptible host (Rimmer et 244 al., 2000) . Pustules were harvested at 10-14 dai and stored at -20 °C or used fresh to 245 prepare the inoculum by suspending the spores in dH 2 O at a concentration of 2x10 4 /ml 246 sporangia. Inoculum was incubated at 14-16 °C for 2-4hrs to ensure the release of motile 247 zoospores. This inoculum was kept on ice during inoculation of 5-7 day-old brassica 248 seedlings. A repeater pipette was used to place a 10ul drop of the inoculum on each half 249 of a cotyledon. Inoculated plants were kept at 14-16 °C under a micro-propagator, to 250 maintain humidity. After 24hrs plants were transferred to a growth chamber with 12 hrs 251 light, 18 °C temperature during the night and 20 °C daytime. Cotyledon responses to 252
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